More about F-term uplifting by Abe, Hiroyuki et al.
ar
X
iv
:0
70
7.
26
71
v2
  [
he
p-
th]
  2
5 J
ul 
20
07
arXiv:0707.2671
YITP-07-43
TU-794
KUNS-2087
More about F-term uplifting
Hiroyuki Abe1,∗, Tetsutaro Higaki2,†, and Tatsuo Kobayashi3,‡
1Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan
2Department of Physics, Tohoku University, Sendai 980-8578, Japan
3Department of Physics, Kyoto University, Kyoto 606-8502, Japan
Abstract
We study moduli stabilization and a realization of de Sitter vacua in generalized F-
term uplifting scenarios of the KKLT-type anti-de Sitter vacuum, where the uplifting
sector X directly couples to the light Ka¨hler modulus T in the superpotential through,
e.g., stringy instanton effects. F-term uplifting can be achieved by a spontaneous
supersymmetry breaking sector, e.g., the Polonyi model, the O’Raifeartaigh model
and the Intriligator-Seiberg-Shih model. Several models with the X-T mixing are
examined and qualitative features in most models even with such mixing are almost
the same as those in the KKLT scenario. One of the quantitative changes, which are
relevant to the phenomenology, is a larger hierarchy between the modulus mass mT
and the gravitino mass m3/2, i.e., mT /m3/2 = O(a2), where a ∼ 4pi2. In spite of such
a large mass, the modulus F-term is suppressed not like F T = O(m3/2/a2), but like
F T = O(m3/2/a) for ln(MP l/m3/2) ∼ a, because of an enhancement factor coming
from the X-T mixing. Then we typically find a mirage-mediation pattern of gaugino
masses of O(m3/2/a), while the scalar masses would be generically of O(m3/2).
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1 Introduction
It is quite important to realize the real world based on string theory [1], though we have
lots of difficulties to be overcome. We do not have a definite answer in string theory why
the dimension of our spacetime is four or a definite scenario to derive the standard model
(SM), the SU(3)× SU(2)× U(1) gauge symmetry, three families of quarks and leptons,
experimental values of gauge couplings and fermion masses and mixing angles, etc. Many
attempts have been tried to solve these problems in several aspects step by step.
One of the most severe difficulties to be solved, is the moduli stabilization problem.
This problem always occurs when one assumes that the observed spacetime dimension
is realized in string theory. Non-perturbative effects, such as gaugino condensations [2]
were used to be considered for the moduli stabilization [3]. Recently a new mechanism of
moduli stabilization has been brought to the attention. That is a compactification with
closed string flux [4] with orientifold planes and D-branes, which can be a source of the
fluxes and cause non-perturbative effects.
Advantages of such flux compactification are that the internal compact space can be
warped by flux generating large hierarchies, and also that we can fix a lot of moduli,
e.g. a number of O(100), simultaneously. For example, in type IIB orientifold model
on Calabi-Yau, the dilaton, complex structure and D7-brane moduli are stabilized by an
imaginary self dual flux. If our world can be described by string theory with D-branes, it
is natural to consider both fluxes and non-perturbative effects as sources of moduli fixing.
Furthermore, moduli fields can play important roles in the low energy phenomenology.
Moduli fields determine compactification scales of the internal space. Then, the moduli
generically couple to four-dimensional kinetic terms of gauge fields, and their vacuum
expectation values (vevs) determine gauge couplings and similarly other couplings like
Yukawa couplings. Moreover, F-components of moduli superfields, which are also given
by nonvanishing vevs of moduli themselves, can be a source of supersymmetry (SUSY)
breaking and induce soft SUSY breaking terms in the visible sector. SUSY can be broken
nonperturbatively through the moduli fixing procedure. Therefore, if we find any signa-
tures of SUSY breaking at near future experiments, it is very interesting not only from
the phenomenological viewpoint but also from the viewpoint of string theory.
Recently the authors of [5] proposed a semi realistic scenario based on the flux com-
pactification with D-branes and an anti D-brane, that is called KKLT scenario. In this
scenario, all moduli are fixed by flux and non-perturbative effects on D-branes and the de
Sitter/Minkowski vacuum is realized. SUSY can be broken moderately by a red shifted
anti D-brane which is sitting at the tip of warped throat and is well separated from the
light modulus as well as the visible sector. Because of this sequestering structure, the
scalar potential of the modulus, which has a SUSY minimum with a negative vacuum
energy before adding the uplifting effect, can be easily uplifted allowing a tuning of the
cosmological constant. The minimum becomes a SUSY breaking metastable vacuum for
closed string sector.
In this scenario, F-components of Ka¨hler moduli are suppressed compared with the
gravitino mass [6]. This results in the fact that moduli mediation and anomaly media-
tion [7] are comparable [8], that is, the so-called mirage mediation. Thus, the gravitino
mass is of O(100) TeV to realize the low-energy SUSY breaking in this scenario. This
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kind of the mediation mechanism causes a distinctive pattern of sparticle spectra at the
TeV scale [8, 9] and naturally solves the SUSY CP problem [6, 8], though it may have
a gravitino overproduction problem [10]. It is also known that, with the mirage media-
tion, the so-called little hierarchy problem can be avoided within the minimal SUSY SM
(MSSM) [11], where the mirage unification of the wino and the gluino masses at the TeV
scale is important [12].
The source of the uplifting is the anti-brane in the original KKLT scenario. However, it
can be replaced by a dynamical SUSY breaking. Recently, metastable vacua with dynam-
ical SUSY breaking have been studied in field-theoretical model building [13, 14]. Also,
including realization of these field-theoretical models, metastable models of a dynamical
SUSY breaking have been studied not only in the closed string sector but also in the open
string sector [15]. By introducing such SUSY breaking sector into the KKLT model, we
can construct F-term uplifting scenarios [16, 17, 18, 19, 20], where the Polonyi model [21],
the O’Raifeartaigh model [22] and the Intriligator-Seiberg-Shih (ISS) model [13] have been
considered as the F-term uplifting sector.1 F-term uplifting models are more interesting
than other uplifting schemes, because the size of SUSY breaking is controllable and a
small gravitino mass, which is comparable to the electroweak scale, can be realized. In
the D-term uplifting [23]2 and the Ka¨hler uplifting [25] schemes, to control the size of
SUSY breaking is not simple, and they would naturally lead to a large SUSY breaking
scale, which is comparable to the Planck scale.
In the F-term uplifting scenario, we find slight differences from the original KKLT
predictions with the anti-brane, although the qualitative features are not changed. For
example, the ratio of the anomaly mediation to the modulus mediation takes a different
value depending on the model and as a consequence the prediction of sparticle mass
spectra at a low energy scale is different from the original KKLT scenario.
In this paper, we generalize the F-term uplifting scenarios such that the uplifting sector
X directly couples to the light Ka¨hler modulus T in the nonperturbative superpotential
induced by, e.g., stringy instanton effects. We will show that in most cases the qualitative
features of the KKLT scenario can still be almost the same even with the modulus mixing
to the uplifting sector. One of the quantitative changes, which would be phenomenologi-
cally relevant, is a larger hierarchy between the modulus mass and the gravitino mass than
one in the original KKLT model. We will typically find mirage-mediation type gaugino
masses, while the scalar masses are of the order of the gravitino mass in general.
We arrange the sections of this paper as follows. In Sec. 2, we study the Polonyi-
KKLT model and the ISS-KKLT model as concrete examples of the F-term uplifting.
We introduce a mixing between the light modulus T and the uplifting sector X in the
superpotential, and find the minimum of the scalar potential based on the perturbation
from a reference point where both the Polonyi/ISS-type structure and the KKLT-type
structure would be realized for X and T , respectively. Here we assume that constants
of the Polonyi/ISS models are (dynamically) generated by flux or stringy instantons [26]
depending on the light modulus3. Then, in Sec. 3, we analyze the SUSY breaking order
1 The ISS model can correspond to the O’Raifeartaigh model after integrating out heavy modes in
both models.
2 See also [24].
3For Affleck-Dine-Seiberg-KKLT model [27], see [28].
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parameters and the masses of light modes. After deriving some general expressions in
Sec. 3.1, we show some results in several concrete examples in Sec. 3.2 and 3.3. Sec. 4 is
devoted to conclusions and discussions.
2 Moduli involved F-term uplifting
For concreteness, we consider type IIB supergravity with the dilaton S, complex moduli
U and a single Ka¨hler modulus T . Our analysis can be extended to the case with several
Ka¨hler moduli. Here and hereafter we use the mass unit with MP l = 1, where MP l
is the four-dimensional Planck mass. As in the original KKLT model [5], we assume
that the dilaton S and complex structure moduli U are stabilized by the flux induced
superpotential
Wflux(S, U) =
∫
G3 ∧ Ω,
because of large supersymmetric masses 〈∂S∂UWflux〉 ∼ 1 [29]. Then, the dilaton and the
complex structure moduli are much heavier than the Ka¨hler modulus T , and these do not
affect the low energy dynamics of T and the visible sector.
In the KKLT model, the Ka¨hler modulus T is stabilized by a nonperturbative effect
on a D7-brane, that is, the following superpotential is considered,
WKKLT = w0 − Ae−aT ,
with the Ka¨hler potential −3 ln(T + T¯ ), where the constant w0 in the superpotential
originates from the flux induced superpotential Wflux or a gaugino condensation which
depend on heavy moduli such as S [30], and the second term is due to the nonperturbative
effect. The potential minimum corresponds to a SUSY AdS vacuum. In order to uplift the
AdS minimum to a Minkowski one, anti D3-branes are introduced at the tip of the warped
throat, which is well sequestered from the Ka¨hler modulus T as well as the visible sector,
and the effect of anti D3-branes just appears as an (T -dependent) uplifting potential,
which is an explicit SUSY breaking term in terms of the N = 1 supergravity, added to
the standard F-term scalar potential of T .
Instead of adding such anti D-branes, we can uplift the SUSY AdS minimum by adding
a superpotential term Wlift(T,X), which leads to a nonvanishing F-term of the hidden
sector field X . That is the F-term uplifting. In the original F-term uplifting scenarios [16,
17, 18, 19, 20], the uplifting sector is basically assumed to be well separated from the
light modulus as anti D3-branes in the KKLT scenario, i.e. ∂Wlift(T,X)/∂T = 0. As the
spontaneous SUSY breaking sector X , the Polonyi model, O’Raifeartaigh model and ISS
model have been considered. Here, we study generalized F-term uplifting scenarios where
the hidden sector field X , which is responsible for the nonvanishing F-term, is directly
couples to the light Ka¨hler modulus due to, e.g., stringy instanton effects [26]. Such
instanton effects for instance induce a mass term or a tadpole term of the hidden sector
field X which depends on the light Ka¨hler modulus. Similar situation has been studied
based on heterotic and M-theoretical models with multiple light moduli [28, 31]4.
4 See also [32] for a model with similar properties.
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We will show that the F-term uplifting is still valid in most cases without changing the
qualitative features of both the light modulus (KKLT) sector and the uplifting (dynamical
SUSY breaking) sector.
2.1 Polonyi-KKLT model
One of the simplest models for the F-term uplifting is the Polonyi-KKLT model [18, 20, 33].
The Ka¨hler potential K and the superpotential W are given by
K = Ω(T, T¯ ) + Z(T, T¯ )|X|2, (1)
W = w0 − Ae−aT +Be−bTX, (2)
where Ω(T, T¯ ) is the Ka¨hler potential of overall volume (Ka¨hler) modulus, which is typ-
ically given by −3 ln(T + T¯ ), and Z(T, T¯ ) = KXX¯ is the Ka¨hler metric of X . In the
superpotential, we assume a typical magnitude of parameters
|a|, |b| ∼ 4pi2.
When A = 0 and b = 0, the above superpotential corresponds to the Polonyi model,
i.e. WPolonyi = w0 + BX , and leads to spontaneous SUSY breaking with nonvanishing
FX . The third term in the right hand side is the mixing between X and T , and such a
mixing can be induced by sting instanton effects. The Polonyi-KKLT model without X-T
mixing, i.e. b = 0, has been studied in [18, 20, 33].
From these Ka¨hler potential and superpotential, we can derive the F -term scalar
potential V using the standard N = 1 supergravity formula:
V = eG(GIJ¯GIGJ¯ − 3) = KIJ¯F IF¯ J¯ − 3eK |W |2,
G = K + ln |W |2, F I = −eK/2KIJ¯DJ¯W¯ , DIW = WI +KIW. (3)
We try to find a minimum of the potential by a perturbation from the reference point.
We choose the reference point (X, T ) = (X0, T0) which satisfies the following conditions
5,
VX |0 = V |0 = 0, DTW |0 = 0, X0 = X¯0, T0 = T¯0. (4)
At this reference point, the KKLT-like modulus property and the Polonyi-like SUSY
breaking property would be realized. We tune our parameters to obtain almost van-
ishing vacuum energy V = 0. In this Polonyi-KKLT model, the reference point (4) is
characterized by
X0 ∼ T0 ∼ ∂nT∂mT¯ Ω|0 ∼ ∂nT∂mT¯ Z|0 ∼ O(1),
W |0 ∼ WT |0 = −KTW |0, |∂n+2T W ||0 ∼ an+2|W |, (5)
where n,m = 0, 1, 2, . . ..
5 Here, because the number of complex parameters in superpotential is less than four, we can always
make the vevs of fields real by field redefinitions (shifts or rotations).
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The true minimum of the potential is denoted by
〈ΦI〉 = ΦI |0 + δΦI ,
where ΦI = (X, T ). Assuming δΦI/ΦI |0 ≪ 1, we expand VI as
VI = VI |0 + VIJ¯ |0δΦJ¯ + VIJ |0δΦJ +O(δΦ2)
= VI |0 + VˆIJ |0δΦJ +O(δΦ2),
where VˆIJ = VIJ¯ + VIJ and δΦ
I¯ = δΦI . The stationary condition VI = 0 results in
δΦI = −Vˆ IJVJ |0 +O(δΦ2),
where VˆIJ Vˆ
JK |0 = δ KI . For VIJ¯ > VIJ , we find [20]
δT ≃ VT¯|VXT¯ |2/VXX¯ − VT T¯
∣∣∣∣
0
, δX ≃ −VTX¯
VXX¯
∣∣∣∣
0
δT.
First we consider the case that the Ka¨hler mixing is small, |Z−1∂TZ| < O(a−1) at the
reference point. By estimating the orders of VI |0, VIJ¯ |0 and VIJ |0, we find X0 =
√
3 − 1,
T0 = O(1),
VT |0 ∼ b eG|0,
and
VˆIJ |0 ∼
(
VXX¯ VXT¯
VTX¯ VT T¯
)
∼
(
b2 + 1 b(mT /m3/2 + 1)
b(mT /m3/2 + 1) m
2
T/m
2
3/2 + b
2
)
m23/2
∼
(
b2 + 1 ab2 + b
ab2 + b a2b2 + b2
)
m23/2,
where m3/2 = e
G/2|0 and
mT = −eK/2KT T¯WTT
∣∣∣
0
∼ ab(T0 + T¯0)2m3/2. (6)
Then, for a ∼ b 6= 0, we find that the Hessian can be positive, and obtain
δT
T0
≃ 1
b3
≪ 1, δX
X0
≃ 1
b2
≪ 1.
This result should be compared with δT/T0 ≃ a−2 and δX/X0 ≃ a−1 derived in the
case that Be−bT is replaced by a T -independent constant in the superpotential. (When
one sets b = 1 in the above expressions, the results of such case are obtained.) This
difference originates from the fact that the superpotential of modulus is not effectively
a KKLT type but rather a racetrack type because of 〈X〉 = O(1). From this result, we
find that the true minimum resides in a perturbative region from the reference point (4).
Then, we expect that the SUSY breaking structure of the Polonyi-KKLT model is not
affected qualitatively by the mixing between the Polonyi sector X and the KKLT sector
T , although quantitatively the modulus mass becomes the racetrack-type (6) for b ∼ a [6].
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Finally we comment that a considerable Ka¨hler mixing |Z−1∂TZ| = O(1) at the ref-
erence point would affect the above order estimations. For example, we obtain VT |0 ∼
b(1 + aX0∂TZ)e
G|0 ∼ b2eG|0 and δT/T0 ∼ 1/b2, δX/X0 ∼ 1/b, assuming that T0 and X0
are of O(1). Then without a tuning between a and b, we may find
FX ∼ DXW = DXW |0 +WXT |0δT +KXWX |0δX + · · ·
∼ m3/2
(
1 +
1
b
+ · · ·
)
,
F T ∼ DTW = WTT |0δT +WTX |0δX +WXTT |0δXδT + 1
2
WTTT |0(δT )2 + · · ·
∼ m3/2
(
1 +
1
b
+ · · ·
)
,
where we wrote both 1/a and 1/(a− b) as 1/b. If a− b is of O(1), the above expansion in
some cases may not converge, and the perturbation may be invalid as in the ISS-KKLT
model shown later. For the case in which it converges (a − b = O(4pi2) etc.), we leave a
concrete study as a future work.
2.2 ISS-KKLT model
Another interesting source of uplifting is the ISS model [13] and in this subsection we
consider the ISS-KKLT model [17, 18]. After heavy modes are integrated out around
the SUSY breaking minimum, the ISS model leads to the same superpotential as the
Polonyi model, where the field X corresponds to the meson field and the tadpole term
of X corresponds to a mass term of quarks q and q¯ in the dual side, i.e. X ∼ qq¯. A
T -dependent mass term of q and q¯ can be generated by string instanton effect like qq¯e−bT .
That can be an origin of the third term of the right hand side in Eq. (2). At any rate,
we use the same superpotential as Eq. (2). However, the Ka¨hler potential of X receives
a one-loop correction from the heavy modes. The relevant part can be written as [19, 34]
K = K − 1
Λ2
Z(1)(T, T¯ )|X|4,
where K is the tree level Ka¨hler potential given by Eq. (1). We assume the same super-
potential (2) as before6. The O’Raifeartaigh model leads to the same Ka¨hler potential
and superpotential after heavy modes are integrated out.
The scalar potential is then written as
V = eG(GIJ¯GIGJ¯ − 3),
= eG(GIJ¯GIGJ¯ − 3) +m2X(T, T¯ )|X|2 + · · · ,
6 If we really adopt the ISS model itself, Λ would be dependent of T like Λ2 ∼ 16pi2Be−bRe(T ) because
the mass of heavy modes is also given by Be−bT . However we consider Λ as a constant which comes from
the vevs of heavy moduli, that is, the “ISS model” represents some proper O’Raifeartaigh model in this
paper. Note that, even if Λ is dependent of T , the following results would not be changed as far as the
ISS-like vacuum is stable.
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where G = K + ln |W |2, G is given by Eq. (1) and
m2X(T, T¯ ) =
4B2
Λ2
e−b(T+T¯ )
Z(1)(T, T¯ )
Z(T, T¯ )
.
We execute a similar analysis to the Polonyi-KKLT model based on the reference point
(4) with the order estimation (5) but now X0 ≃ (
√
3ZZ/6Z(1))Λ2 ∼ 102m3/2 ≪ 1. The
important difference between the Polonyi uplifting scenario and the ISS uplifting scenario
is the size of X0, that is, we have X0 = O(1) in the Polonyi uplifting scenario, while X0 is
much smaller in the ISS uplifting scenario. Because of the smallness of X0, the following
results are not affected by the Ka¨hler mixing ∂TZ 6= 0. In this case, we can estimate the
order of VI |0, VIJ¯ |0 and VIJ |0, and find
VT |0 ∼ b eG|0,
and
VˆIJ |0 ∼
(
VXX¯ VXT¯
VTX¯ VT T¯
)
∼
(
1/X0 + b
2 b(mT /m3/2 + 1)
b(mT /m3/2 + 1) m
2
T /m
2
3/2 + b
2
)
m23/2
∼
(
1/X0 ab
ab a2 + b2
)
m23/2 ,
where m3/2 = e
G/2|0 and mT = −eK/2KT T¯WTT
∣∣∣
0
∼ a(T0 + T¯0)m3/2. Because X0 is much
smaller than the Planck scale, the effective superpotential for the modulus is not the
racetrack type but the KKLT type. Then, for a ∼ b 6= 0, we obtain
δT/T0 ≃ a−1 ≪ 1, δX/X0 ≃ a ≫ 1.
This results should be compared with the results δT/T0 ≃ a−2 and δX/X0 ≃ a−1 for the
case that Be−bT is replaced by a T -independent constant. (When one sets b = 1, one
can obtain the result for such case.) We conclude that, with the superpotential mixing
between the ISS sector and the KKLT sector, the reference point (4) is far from the
true minimum. Then, the SUSY breaking structure would be quite different from the
ISS-KKLT model without the X-T mixing.
2.3 ISS-racetrack model
We can evade the problem in the previous subsection by adding another nonperturbative
effect, Ce−cT (c 6= a), to the ISS-KKLT superpotential7,
W = w0 −Ae−aT + Ce−cT +Be−bTX. (7)
We call this ISS-racetrack model. In this case, we find VT |0 ∼ beG|0 and8
VˆIJ |0 ∼
(
1/X0 abc
abc a2c2
)
eG|0.
7 For w0 6= 0, we cannot make the vevs of fields real without a fine-tuning of complex parameters,
because in such case the number of complex parameters is four.
8 This argument depends on parameters in the superpotential. For example, when the vacuum of
modulus is almost supersymmetric Minkowski vacuum, that is, w0 ∼ Ae−a〈T 〉−Ce−c〈T 〉 ≫ 〈W 〉, the ISS
vacuum is more stable than the usual racetrack vacuum, becausemT is much heavier than ac(T+T¯ )
2m3/2
for such case.
7
Note that the modulus mass is estimated as
mT ∼ ac(T0 + T¯0)2m3/2, (8)
without a fine-tuning among a, b and c. Therefore, we typically find
δT
T0
∼ b
a2c2
,
δX
X0
∼ b
2
ac
,
and the reference point is stable so far as b2 < ac. Here, we consider the case that
b . c . a. The Ka¨hler potential mixing can be safely introduced into the ISS-racetrack
model without affecting the structure of the minimum due to the smallness of X0. Finally,
in this ISS-racetrack model, the vacuum would be metastable. However its life time would
be sufficiently long [13, 17, 35], because Be−b〈T 〉 ≪ 1.
3 SUSY breaking order parameters
In the previous section, we have studied generalized F-term uplifting scenarios where
the hidden sector field X , which is responsible for the nonvanishing F-term, is directly
couples to the light Ka¨hler modulus T , e.g., because of stringy instanton effects [26]9. As
we can see from Eqs. (6) and (8), the X-T mixing generically produce a larger hierarchy
mT/m3/2 ∼ a2 between the gravitino mass and the modulus mass than one in the original
KKLT model mT/m3/2 ∼ a, because the modulus superpotential is effectively given by
the racetrack-type [6]. Otherwise, the reference point is unstable and the KKLT-type
structure that the modulus is somehow heavier than the gravitino, might be spoiled as
shown in the ISS-KKLT model.
In this section, we analyze the SUSY breaking order parameters in detail. We will
find that, despite the large modulus mass mT ∼ a2m3/2, we can still obtain the same size
of the modulus F-component F T ∼ m3/2/a as one in the original KKLT scenario, because
of the enhancement by the X-T mixing in the superpotential. In the following, we first
derive general expressions for the order parameters F T and FX in terms of modulus and
gravitino masses, and then apply them to several typical models.
3.1 General result
For the evaluation of F T , we expand the relevant part of the scalar potential around the
reference point defined by (4) with W |0 6= 0.
V = eK(KIJ¯DIWDJW − 3|W |2)
≈ V |0 + [eKKXX¯DXW (KXTW +KXWT +WXT )]|0δT
+[eKKT T¯ (KTTW +KTWT +WTT )]|0DTW δT − 3[eKW¯WT ]|0δT + · · ·
≈ [eKKXX¯DXW (−KXKTW +WXT )]|0δT
+[eKKT T¯WTT ]|0DTW δT + 3[KT eK |W |2]|0δT + · · · ,
9 As shown in [28], in such a case we may have a nice property that the smallness of the gravitino
mass m3/2 ≪MPl could be a natural consequence of a tiny cosmological constant.
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where ellipses denote complex conjugates and terms that are of order (δX)2, (δX¯)2, (δT )2,
(δT¯ )2 and |δX|2. Here we have assumed
|KXT |, |KXT¯ | <
∣∣∣∣WXTWTT
∣∣∣∣ ∼ O(a−1) < KT T¯ , KXX¯ ∼ 1,
|KTTW |, |KTWT | = | −K2TW | ≪ |WTT |,
|VTT | ≪ |VT T¯ |,
at the reference point. An important point is that the expansions of DTW are all sub-
leading, so the order parameter F T can be mainly of O(δT¯ , δX¯). As a result, terms
which are of O(δT, |δT |2, δT δX¯) in the scalar potential are important for our analysis.
Using the expressions mT ≃ −eK/2KT T¯WTT
∣∣∣
0
and F T ≃ −eK/2KT T¯
∣∣∣
0
DTW , one can
rewrite the above scalar potential as
V ≈ δT
[
m23/2
{√
3KXX¯
(
WTX
W
−KXKT
)
+ 3KT
}
+KT T¯mTF
T
]
+ · · · ,
where we have omitted the symbols |0 and we have used
√
KXX¯DXW =
√
3W . With a
equation of motion for δT , we obtain
F T ≃ m
2
3/2
mT
(−KT
KT T¯
)[√
3(
√
3−
√
KXX¯KX) +
√
3KXX¯
(
WTX
KTW
)]
=
m23/2
mT
(−KT
KT T¯
)√
3(
√
3−
√
KXX¯KX)
(
1 +
∂T ln(WX)
KT
)
, (9)
where the effect of the X-T mixing is encoded in ∂T lnWX = b as well as mT . Here we
have used
√
KXX¯DXW =
√
3W and
WTX
W
=
WTX
WX
· WX
W
=
WTX
WX
· (
√
3−
√
KXX¯KX)√
KXX¯
,
at the reference point. Form Eq. (9), we easily find that F T ∼ m3/2/a for the typical
modulus mass mT/m3/2 ∼ ab shown in Eqs. (6) and (8). This should be compared
with the original KKLT model and the F-term uplifting scenarios without the mixing
∂T lnWX = 0, which result in F
T ∼ m3/2/a with mT/m3/2 ∼ a. The ratio F T/m3/2 can
be of the same order as the one in the original KKLT model F T/m3/2 ∼ 1/a, although
our models have a larger hierarchy between the modulus and the gravitino masses. This
is due to the enhancement factor ∂T lnWX = b in Eq. (9). On the other hand, around the
reference point, we simply find
FX ≃ −
√
3/KXX¯ m3/2.
Here, we comment on the shift of field vevs from the reference point. From the above
expressions, we can roughly estimate as F T ∼ δT∂T¯F T ∼ mT δT ∼ bm23/2/mT where
b = −∂T ln(WX). Then we find
δT
T0
∼ bm
2
3/2
m2T
,
9
where we have assumed T0 = O(1). Furthermore, δX in later examples can be typically
given by δX ∼ −δT (VXT¯/VXX¯) ∼ −δT bmTm3/2m2
3/2
(1+b2X0)/X0
. Then we find
δX
X0
∼ − b
2m3/2
mT (1 + b2X0)
.
These expressions agree with results in the previous sections and are useful for checking
the stability of the reference point in each model.
In the following subsections, we show several concrete examples. In some cases, we
will assume that the gauge kinetic function of the hidden sector fhid, which is responsible
for the nonperturbative superpotential terms, is given by the mixture of the heavy and
the light moduli [30], e.g., fhid = wT +m〈S〉, for generality. All the parameters in the
models are taken to be positive and real10, and we will take b < a in the Polonyi-KKLT
model and b ≤ c < a in the ISS-racetrack model for concreteness.
3.2 Polonyi-KKLT model
First examples are some simplified versions of the Polonyi-KKLT model (2). As we
emphasized, the perturbation around the Polonyi vacuum X0 ∼ O(1) generates effectively
a racetrack-type superpotential for the light modulus T . Then, we can simply drop the
constant piece w0 in the superpotential (2) just for stabilizing T unlike the case without
the X-T mixing. Instead, we introduce a moduli mixing in the hidden sector gauge kinetic
function [30].
3.2.1 Model 1
We start from the Ka¨hler potential and the superpotential given by
K = −3 ln(T + T¯ ) + |X|2, W = Ae−c〈S〉+aT +Be−bTX,
where the dilaton S is assumed to be stabilized at a much higher scale by, e.g., the flux
induced superpotential. In this case, we find
X0 =
√
3− 1, T0 ≃ 1
a+ b
ln
[
bBX0
aA
ec〈S〉
]
∼ c
a + b
〈S〉,
〈WTT 〉 ≃ ab〈W 〉, 〈W 〉 ≃ Ae−c〈S〉
(
bBX0e
c〈S〉
aA
) a
a+b (
1 +
a
b
)
,
F T ≃ −
√
3
m3/2
a
, mT = −ab(T + T¯ )
2
3
m3/2.
Therefore the condition for the Polonyi vacuum,WX |0 = W |0, i.e. V |0 = 0 atX0 =
√
3−1,
requires b/a ≃ 1/X0 − 1 ≃ 0.37, and the positive sign +aT in the first exponent is
10Except for model 5, we can always assume the positive and real parameters up to the overall phase of
the superpotential. In model 5, we have to tune some of these complex parameters for such assumption.
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necessary in the superpotential in order for the Polonyi-like vacuum to be compatible
with the racetrack vacuum11.
To evaluate the ratio of the anomaly mediation to the modulus mediation, we define
α as [8]
α ≡ 1
ln(MP l/m3/2)
· F
C/C0
F T/(T + T¯ )
, (10)
where C0 = e
K/6 is the lowest component of the conformal compensator superfield C, and
FC is F-component of C, i.e.
FC
C0
= m3/2 +
1
3
∑
I
KIF
I . (11)
Note that FC/C0, in general, has contributions due to the gravitino mass and F-components
F I of the SUSY breaking sector, although we have FC/C0 = m3/2 in the original KKLT
scenario. We obtain in this example
α = −2
3
a
b
≃ −2
3
(
√
3 + 1) ≃ −1.82.
where ln(Mp/m3/2) ≃ ln(1/W |0) ≃ bT0 has been adopted12.
3.2.2 Model 2
We can also consider the case with a moduli mixing in the term which is responsible for
the X-T mixing through, e.g., stringy instanton effects. Then we analyze the following
model:
K = −3 ln(T + T¯ ) + |X|2, W = Ae−aT +Be−c〈S〉+bTX.
Note that the positive sign +bT in the second exponent is necessary in order for the
Polonyi-like vacuum to be compatible with the racetrack vacuum as in the previous model.
In this case, we obtain
X0 =
√
3− 1, T0 ≃ 1
a+ b
ln
[
aA
bBX0
ec〈S〉
]
∼ c
a+ b
〈S〉,
〈WTT 〉 ≃ ab〈W 〉, 〈W 〉 ≃ A
(
aAec〈S〉
bBX0
)− a
a+b (
1 +
a
b
)
,
F T ≃
√
3
m3/2
a
, mT = −ab(T + T¯ )
2
3
m3/2.
11 In the ISS-KKLT model with W = Ae∓aT + Be±bTX , we cannot satisfy this kind of condition
WX
∣∣
0
≃ √3W
∣∣
0
, that is, b/a ≃ 1/(√3X0)− 1 ∼ 1012.
12Contributions to FC/C0 = m3/2/
√
3 come from the gravitino mass andKXF
X/3 = −(1−1/√3)m3/2
in the Polonyi-KKLT model. The latter was not taken into account in [18], and the value of α was
evaluated for FC/C0 = m3/2, but that should be replaced by F
C/C0 = m3/2/
√
3.
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The condition for realizing the Polonyi vacuum is the same as the previous example,
b/a ≃ 1/X0 − 1. The anomaly/modulus mediation ratio (10) is found in this model as
α =
2
3
1
− b
a
+ c〈S〉
aT0
=
2
3
where we applied ln(Mp/m3/2) = c〈S〉 − bT0 ≃ aT0.
3.2.3 Model 3
Finally, we show the results in the Polonyi-KKLT model (2) with the minimal Ka¨hler
potential:
K = −3 ln(T + T¯ ) + |X|2, W = w0 − Ae−aT +Be−bTX,
where we find
X0 =
√
3− 1, T0 ≃ 1
a− b ln
[
aA
bBX0
]
,
〈WTT 〉 ≃ −abX0
(
1− b
a
)
〈W 〉, 〈W 〉 ≃ B
(
aA
bBX0
)− b
a−b
,
F T ≃
√
3
m3/2
(a− b)X0 , mT =
ab(T + T¯ )2
3
(
1− b
a
)
X0m3/2.
Here we adopted w0 ≃ Ae−aT0+B(1−X0)e−bT0 coming from the condition for the Polonyi-
like vacuum, W |0 =WX |0 = Be−bT0 .
In this case, one finds that the shift of fields are given by δT/T0 ∼ 1/b(a − b)2 and
δX/X0 ∼ 1/b(a − b). Then the expansion of the potential around the reference point is
done in terms of 1/(a− b)2, where
DXW = DXW |0 +
∑
n=1
1
n!
(∂nTWX)|0(δT )n + · · ·
∼ m3/2
(
1 +
1
(a− b)2 +
1
(a− b)4 + · · ·
)
,
DTW =
∑
n=1
1
n!
(∂nTWT )|0(δT )n + δX
∑
n=1
1
(n− 1)!(∂
n
TWX)|0(δT )n−1 + · · ·
∼ m3/2
(a− b)
(
1 +
1
(a− b)2 +
1
(a− b)4 + · · ·
)
.
Therefore it is a good approximation when a − b = O(10). Note that only if B = e−c〈S〉
with c ∼ a ∼ b, the difference a− b can be of O(10) for T0 ∼ 〈S〉 = O(1).
In such a case, the mirage mediation is important for the gaugino masses. For c 6= 0
we find the anomaly/modulus mediation ratio (10) as
α =
2
3
(a− b)X0(
b+ c 〈S〉
T0
) = 2
3
(
√
3− 1)
(
1− b
a
)
< 0.49,
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where we substituted ln(Mp/m3/2) ≃ c〈S〉+ bT0 ≃ aT0.
For c = 0, F T is of O(m3/2) through a tuning (a − b)2 = O(1) in order to make
T0 sufficiently large. However, in this case the perturbation around the reference point
becomes unstable. Thus, generically it is required that δT/T0 ≤ 1/b2 and δX/X0 ≤ 1/b
for the convergence.
3.3 ISS-racetrack model
3.3.1 Model 4
Next we analyze the ISS-racetrack model (7). Similarly we first omit the constant piece
w0 in the superpotential and start with
K = −3 ln(T + T¯ ) + |X|2 − |X|
4
Λ2
, W = −Ae−aT + Ce−cT +Be−bTX.
Then we find the following results.
X0 =
√
3
6
Λ2 ∼ 16pi2Be−bT0 ≃ 102m3/2 ≪ 1, T0 ≃ 1
a− c ln
[
aA
cC
]
,
〈WTT 〉 ≃ −ac〈W 〉, 〈W 〉 ≃ B√
3
(
aA
cC
)− b
a−c
≃ A
(a
c
− 1
)(aA
cC
)− a
a−c
,
F T ≃ 3 b
ac
m3/2, mT =
ac(T + T¯ )2
3
m3/2,
where the condition for obtaining the ISS-like vacuum W |0 ≃ DXW |0/
√
3 ≃ WX |0/
√
3,
i.e. V |0 = 0, has been adopted. The anomaly-to-modulus mediation ratio (10) is now
given by
α =
2acT0
3b ln(Mp/m3/2)
=
2ac
3b2
,
where we applied ln(Mp/m3/2) ≃ bT0. Note that ac/b2 > 1 is required in order to make
the reference point of the ISS model stable. For the case with ac/b2 = 3, we obtain α = 2.
For the case with b = c, B = C = O(1), we need a large value of A, e.g., A = e−d〈S〉 ≫ 1
and the condition that b/a ≃ 1 − 1/√3 ≃ 0.42 to make the reference point stable, and
then find α ≃ 1.58.
3.3.2 Model 5
Finally we turn on the constant w0 in the previous example:
K = −3 ln(T + T¯ ) + |X|2 − |X|
4
Λ2
, W = w0 − Ae−aT + Ce−cT +Be−bTX.
Then we obtain the following results,
X0 =
√
3
6
Λ2 ≃ 102m3/2 ≪ 1, T0 ≃ 1
a− c ln
[
aA
cC
]
,
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〈WTT 〉 ≃ −ac
(a
c
− 1
)
Ae−aT0 , 〈W 〉 ≃ B√
3
e−bT0 ≃ B√
3
(
aA
cC
)− b
a−c
,
F T ≃
√
3bB
(a− c)aAe
(a−b)T0m3/2 ≃
√
3bB
(a− c)aA
(
aA
cC
) a−b
a−c
m3/2
mT =
ac(T + T¯ )2
3
m3/2
[√
3A
B
(a
c
− 1
)
e−(a−b)T0
]
,
where we applied the condition for realizing the ISS-like vacuum, w0 ≃ (B/
√
3)e−bT0 +
Ae−aT0 − Ce−cT0 .
The anomaly/modulus mediation ratio (10) is found as
α =
2(a− c)aA√
3bB
e−(a−b)T0
T0
ln
(
Mp
m3/2
) .
Note that ln(MP l/m3/2) ≃ ln(B−1ebT0). We find that α is sensitive to the adjustment of
B. For B = O(1), we obtain ln
(
Mp
m3/2
)
≃ bT0. Therefore,
α =
2(a− c)aA√
3b2B
e−(a−b)T0 .
In the case that A and C are of O(1), a value of a− c must be also of O(1) for large T0.
Thus, the value of α becomes typically very small such as α ∼ b−1e−(a−b)T0 . However in
this case it is not valid to use the reference point for the analysis. For example, we take
the parameters as c = b and C = B = O(1) and one finds that mT ∼ a(a − b)m3/2 and
then δT/T0 ∼ b/a2(a− b)2 ∼ 1/b, δX/X0 ∼ b2/a(a− b) ∼ b. Therefore the perturbation
of the potential around the reference point does not converge. On the other hand, if
A = ed〈S〉 with d = O(10), a value of a− c can be of O(10). For example, in the case with
b = c and B = C, we find α ≃ (2/√3) (a/b− 1) = O(1) and the reference point is stable.
For B = Ce−d〈S〉 ≪ 1 with d = O(1 − 10), we obtain ln(Mp/m3/2) ≃ d〈S〉+ bT0 and
find
α =
2(a− c)aA√
3bC
1
b+ d 〈S〉
T0
ed〈S〉−(a−b)T0 .
In this case, the magnitude of α can be strongly dependent on a e−d〈S〉. For example,
when A, C, a− b = O(1) and b = c, one obtains F T = √3e−d〈S〉m3/2/(a− b) and
α =
2(a− b)√
3
1
b+ d 〈S〉
T0
ed〈S〉.
For the case with b . ed〈S〉, i.e. d〈S〉 = O(1), the value of α becomes of O(1) and shifts
of fields are given by δT/T0 ∼ e−2d〈S〉/b(a − b)2 . 1/b3 and δX/X0 ∼ be−d〈S〉/(a − b) .
1/(a− b) . 1.
On the other hand, for the case with b ≪ ed〈S〉, i.e. d〈S〉 = O(10), one can obtain
α ∼ ed〈S〉 ≫ 1 and find that the anomaly mediation is dominant compared with the
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modulus mediation. In the latter case, note that mass of the modulus can be much
heavier than the gravitino mass such as
mT ≃ (a− b)b(T + T¯ )
2
√
3
ed〈S〉m3/2 ∼ ed〈S〉m3/2 ≫ ab(T + T¯ )2m3/2,
and the magnitude of w0 becomes almost Ae
−aT0−Ce−cT0 which can be much larger than
Be−bT0 like the model in [36, 19]. In this case, the vacuum of the modulus can be stable
during the inflation and then the modulus-induced gravitino problem can be avoided.
The Polonyi problem may not occur if we have a low scale inflation like a new inflation.
In that case, if one changes the gravitino mass of O(100) TeV to O(1) GeV, one could
realize the gauge mediation model, which is studied in [34, 37]. However that is beyond
the scope of this paper.
3.4 Phenomenological aspects
We have studied several concrete models. Here we comment on their phenomenological
aspects like SUSY spectra in the visible sector. In most of models except model 5, the
modulus mass mT is quite large compared with the gravitino mass m3/2, i.e.
mT
m3/2
= O(a2),
with a ∼ 4pi2. Model 5 can derive much heavier modulus mass.
There are three important sources of SUSY breaking, FX , F T and FC , where SUSY
breaking through FC appears as the anomaly meditation. Most of models except model
5 predict similar ratios among FX , F T and FC. Thus, first we concentrate ourselves to
models 1-4. These models have FX = O(m3/2) and
F T
m3/2
= O(a−1).
The ratio of the anomaly mediation to the modulus mediation is denoted by a value of
α defined in Eq. (10). Models 1-4 lead to α = O(1), that is, the modulus mediation and
anomaly mediation are comparable.
Now, let us evaluate soft SUSY breaking terms in the visible sector. For such purpose,
we have to fix couplings between SUSY breaking sources and the visible sector. We
assume that gauge kinetic functions of the visible sector fv are obtained as
fv = wvT +mvS,
where wv and mv are constants. In the simplest case with wv = 1 and mv = 0, gaugino
masses in the visible sector appear as the mirage mediation with the values of α, which
are shown in the previous subsections. In generic case, gaugino masses are obtained as the
mirage mediation by replacing α by α fv+f¯v
wv(T+T¯ )
. For example, we could derive the value of
α ≈ 2 in the simplest case with wv = 1 and mv = 0, e.g. in model 4 with ac/b2 = 3. Also,
other cases with nonvanishing values of wv and/or mv would lead to α
fv+f¯v
wv(T+T¯ )
≈ 2. In
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these models, gaugino masses at the TeV scale are given by the (tree level) pure modulus
mediation, that is, the TeV scale mirage unification of gaugino masses [8, 11]. If the X
field couples to heavy modes, which are charged under the SM gauge group, effects due
to FX could appear through loop-effects, that is, the gauge mediation. Its contribution
is the same size as the anomaly mediation when mass of the messenger fields is Planck
scale. Also, if the X field does not sequestered from visible matter fields in the Ka¨hler
metric and the VEV of the X field is comparable with the Planck scale, effects due to FX
could appear in the gaugino mass through the Konishi/Ka¨hler anomaly [39].13 At any
rate, the gaugino masses are of O(m3/2/a) ∼ 1 TeV unless a direct coupling appears in
the gauge kinetic function.
Now, we also consider the couplings between the SM matter fields and X . In our
framework, the hidden sector field X directly couples to the modulus T . Thus, it would
be natural that X might live in the Calabi-Yau space rather than in the warped throat.
Also the SM lives on D-branes which are wrapping on bulk Calabi-Yau. Thus, the contact
terms between X and the SM matter fields Q,∫
dθ4c|X|2|Q|2,
would not be suppressed. Then, we would obtain SUSY braking scalar mass and A-terms
of O(m3/2) ∼ 100 TeV. In this case, we have a large hierarchy between gaugino masses
Ma and scalar masses mi as
Ma = O(m3/2/a), mi = O(m3/2),
with a = O(4pi2). That would have several phenomenological interesting aspects [38]. If
the SM matter fields are sequestered from X by any reason and the above contact terms
are suppressed sufficiently, the mirage mediation would also be dominant in scalar masses
and A-terms.
The situation in model 5 is different from others. Model 5 has a rich structure in
the modulus mass and ratios among FX , F T and FC . A heavier modulus mass could
be realized in model 5, and a value of α can vary from values like α = O(1) to large
values like α = O(10). In the latter case with α = O(10), the anomaly mediation would
be dominant in gaugino masses in the visible sector. Scalar masses would be of O(m3/2)
unless the SM matter fields are sequestered from X by any reason.
Finally, we comment on the phases of F-components. The phases are aligned as
Arg[FC ] = Arg[FX ] = Arg[F T ] = Arg[W¯ ] as long as Arg[WTT ] = Arg[W ]. Thus, we can
always solve the SUSY CP problem except for model 5. In model 5, we need a find-tuning
for the alignment unless α = O(10).
4 Conclusion and discussion
We have studied modulus stabilization and realization of de Sitter vacua through F-term
uplifting by a dynamically generated F-term. Here the uplifting sector X directly couples
13 See also [40].
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to the light Ka¨hler modulus T in the superpotential through, e.g., a stringy instanton
effects. In the Polonyi-KKLT model, the perturbation from the reference point, where
the KKLT-type modulus properties and the SUSY breaking structure are realized, is stable
under the existence of such superpotential mixing, though the Ka¨hler mixing can spoil
the stability in general. Contrary, in the ISS-KKLT model, the superpotential mixing
makes the perturbation unstable, that is, the true minimum is far from the reference
point. This instability can be avoided by introducing another nonperturbative effect into
the ISS-KKLT superpotential, i.e., by considering the ISS-racetrack model.
In the case that the perturbation from the reference point is stable, the qualitative
features of the KKLT scenario are preserved even with such modulus mixing to the up-
lifting sector. One of the quantitative changes, which are phenomenologically relevant,
is a larger hierarchy between the modulus mass mT and the gravitino mass m3/2, i.e.
mT/m3/2 ∼ O(a2) . Even with such a large mass, the modulus F-term keeps a mod-
erate value, F T ∼ O(m3/2/a) for ln(MP l/m3/2) ∼ a, thanks to the enhancement factor
originating from the X-T mixing in the superpotential. Then we typically find a mirage-
mediation pattern of gaugino masses of O(m3/2/a). The scalar masses and the A-terms
are generically of O(m3/2) because of possible direct couplings with X .
In the ISS-racetrack model we can realize mT ∼ 108 GeV and mX ∼ 1010 GeV. In such
case we could avoid the gravitino overproduction problem [10] by these scalar fields when
the inflation has a low Hubble parameter Hinf ∼ 107 GeV. This may be also important
for the explanation of the dark matter abundance, and in this scenario the dark matter
candidate is likely to be gaugino. Stability of the vacuum during the inflation epoch
may suppress the non-thermal production of the gaugino (neutralino14) and the gravitino
through the modulus and X decays. With a tuning of B, we can partially obtain a
sparticle spectrum of the anomaly-mediation type, and both the modulus T , whose mass
can be much heavier than 108 GeV, and the SUSY breaking field X may be stable during
the low scale inflation such as a new inflation model.
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